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Primary Mirror Assembly
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Overview

e Brief description of Kepler Space
Photometer

e Brief description of L-3 Designed
Primary Mirror Assembly (PMA)

* Primary Mirror (PM) fabricated
profile

 Comparison of interferometric tests
with Finite Element Analysis (FEA)
predictions shows good agreement
<10% residual

e Testing shows successful assembly of
PMA

 Summary
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Kepler Photometer

e Mission to search for Earth size planets
= 170,000 photometric objects

= Observes same area of sky for 4 years
* Look for planetary transits of stars

= Kepler Photometer Details at http://kepler.nasa.gov/
* Schmidt Optical Design
" (.95 meter diameter Schmidt Window
* 1.4 meter diameter Primary Mirror
= 100 square degree field of view
» Operates -5°C to -55°C
\!;% ](ep!ér This pressniation has ben reviswed by NASA and determined not o
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Photometer Architecture Kepler

* Two additional electronic boxes mounted to

Aperture Stop spacecraft (CSP and RPE)
* Focal plane operated at —95° C reduced dark
0.95-m signal and radiation degradation effects

Schmidt

 Field flattener lenses integral to CCD
Corrector

modules provides bandpass filters and CCD

radiation protection
Sunshade FPA Radiator g

* Focus mechanisms at primary mirror mount
provide focus / tip-tilt correction for

Metering — metering structure CTE/CME effects

SRS P:i:?ry Stray-light controlled by baffled GFCE
Mirror honeycomb metering structure

FPI

o » Exterior MLI blankets control thermal

gradients on optics

» Active heater control on focal plane controls

Focal Plane w/ 42 focal plane to +0.1° C.

Science CCD & 4
Fine Guidance

Sensor Modules

’ 5
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Kepler Primary Mirror Assembly

e PMA designed and
analyzed by L-3

= 6 Bonded invar pads
on back of PM

" 6 graphite epoxy struts
= 3 bipod attachments to
focus mechanism or

strong back for PMA
testing and shipping

 Light weighted PM
= Designed by L-3
= Corning ULE blank PMA on shipping container base
* Figured by L-3

©
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Light Weighted Primary Mirror

 Frit bonded ULE
Primary

1.4 meter diameter CA

 Reinforced Bond sites
for Invar pads

 No spare PM

= Careful for good
margins
= Redundant Bond
sites
e 6 Primary
* 6 Alternate

©
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Overview of Large Optics Metrology

* Testing difficult because large light weight mirrors distort
*  Multiple tests used to assure correct Zero-G figure
= Air bladder
* Counterweighted zero-G mount
= PMA vertical testing - looking up and looking down
= PMA horizontal testing
* FEA analysis predicts 1g surface error based upon
= As built PM dimensions for correct mass distribution required
" Accurate measurement of weight
 Tooling designed and implemented carefully
= Must be repeatable for each iterative test
= (Calibrate design residuals, where possible
* Interferometry
" Average data to minimize thermal and vibrational noise
* Each position had 100 frames of data over 30 minute - thermal noise < 0.004 waves

* Multiple PM orientations, where possible, self calibrate low frequency setup errors
* Total test time over 1 hour

* Final noise test noise < 0.007 waves RMS

\l; » K@!gr This presentation has been reviewed by NASA and determined not to

contain technical data as defined by the ITAR Section 120.10. 7
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Comparison of Optical Test Methods
Air bladder Counterweighted PM A vertical PM A horizontal
Analysis
Surface RMS 0.009 A 0.028 A 0.285 A 1.052 A
Surface P-V 0.054 A 0.156 A 1.309 A 4.03 A
Model error
Surface RMS 0.026 A est. 0.016 A 0.021 A 0.033 1
Astigmatism
Type Symmetrical Asymmetrical 6 support points 6 support points
Uniformly Curved Pomt support yields high  [Analysis straight Analysis straight
Difficulties  [bladder to match PM  |frequency highs forward forward
Erroneous force at OD |Careful adjustment of each Horizontal testing
of PM - Uncertainty in |[counter weight to match astigmatism on PM
Implementation|symmetrical errors actual weight of PM Simple to implement  [contaminated by air.
Difficult due to
vibrations. Requires 3
hard pomts for Vibrationaly stable. Loads |Interferometry mildly |Interferometry Difficult
Interferometry |vibrational stability monitored at 3 points. difficult with large P-V |with Large P-V
Fabrication (polishing) |During assembly of PMA  |Average up and down |Easy Test at L-3 and
Use at L-3 |of PM (after pads bonded) best Zero-G prediction |BATC
A =633 NM

@ﬁ Kepler

This presentation has been reviewed by NASA and determined not to
contain technical data as defined by the ITAR Section 120.10.
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Optical Test Overview

* Vertical PMA Optical Testing

= Final PM surface error
« Average of looking up and looking down

* Interferometry comparison with FEA
" Vertical PMA testing (looking up or looking down)
= Horizontal Optical Axis Testing
= Air bladder Testing

e Assure Correct Assembly

= Counterweighted Zero-G Mount
* Test PM
e Test PM with bonded pads
* Test PMA with bonded pads and struts

ﬁ E;/ K@!gr This presentation has been reviewed by NASA and determined not to 9

contain technical data as defined by the ITAR Section 120.10.
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Vertical Test Tower

PMA Assembly

Vertical Test Tower
PMA Down-Looking

a ‘ P
li , K@!gr This presentation has been reviewed by NASA and determined not to 1 0

contain technical data as defined by the ITAR Section 120.10.
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Vertical PMA Test for Fabricated Surface

FRED 5.10.09 PC,08-06 KEPLER Primary PMA Vertical UP-looking F/0.75 ) ) FRED 5.10.09 PC,08-06 KEPLER Primary PMA Vertical Up/Down Average
Awg. of 2 tests CA 8 June 2006 31-AUG-06 8:08:57 FRED 5.10.09 PC,08-06 KEPLER Primary PMA Vertical Down-looking 30 August 2006  31-AUG-06 8:59:00
; : F/1.5 Aw. of 2 tests CA 8 June 2006  30-AUG-06 14:04:57 : : : :
T T T T T T T T

25+

0.6
20+

0.4
15+

10 0.2
51

—40

oH

~4-0.2
5L

10k 0.4
151

-0.6
20

-0.8
250

. . . . M n 1 . . . . . . . . ) n ! . . . . I . I I M N 1 I I . I
25 20 15 10 5 0 5 10 15 20 25 25 20 15 10 =5 ) 5 10 15 20 25 25 20 -5 -0 5 0 5 10 15 20 25
RMS= 0.30108 P-V= 14478 Wawe= 632.8NM Scale= Fringes/ -2.0000 RMS= 025139 PV= 1.1043 Wawe= 632.8NM Scale= Fringes/ -2.0000 RMS= 0.05848 P-V= 0.2834 Wawe= 632.8NM Scale= Fringes/ -2.0000
Semi-aperture=  28.5430 IN grid size= 511 contourinc= 0.1000  04-Sep-2006 20:28 Semi-aperture=  28.5430 IN grid size= 511 contourinc= 0.1000  04-Sep-2006 20:2¢ Semi-aperture=  28.5430 IN grid size= 511 contourinc= 0.1000  04-Sep-2006 16:03:48

Up Looking Test Down Looking Average = Surface Figure
RMS 0.301 Test RMS 0.253 RMS 0.058
« PMA coordinate system
6 bonded pads support points evident in interferometric test
 Plotincrementis 0.1 A, at A =633 NM

9 i, K@!er This presentation has been reviewed by NASA and determined not to
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Final Fabricated Surface Figure

FRED 5.10.09 PC,08-06 KEPLER Primary PMA Vertical Up/Down Average

¢ Space Zel’O-G, ambient 30 August 2006  31-AUG-06 8:59:00
temperature, fabricated surface
Figure

* Average of vertical testing o
= PMA up looking ol

= PMA down looking ol

« PMA coordinate system of
 Tested RMS 0.0585 A st
= Wavelength = 633 NM o

e Specification RMS 0.075 A B
= Space Zero-G 2
= Temp. =-5°C to -55°C S -
Plot increment 0.025 A TS 00548 PN- 0253 Wawes 6328NM Scoles Fringes!-2.0000

Semi-aperture=  28.5430 IN grid size= 511 contourinc= 0.0250 04-Sep-2006 20:28:12

20+

—-0.05

P
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Vertical Up Looking Compared to FEA

FRED 5.10.09 PC,08-06 KEPLER Primary Obsened Gravity Sag = Diff FRED 5.10.09 PC,08-06 Kepler Primary Mirror FEA PMA in

19 y ) _ ) )
(PMA Up looking) - Fabricated (UPDNTOT) 1 JUNE 2006  4-SEP-06 23:45:47 web17u6, gray, C1 rotated 21.8 deg CCW 25 May 2006 4-SEP-06 19:25:55 FRED 5.10.09 PC,08-06 KEPLER Primary Diff = UP Predict gravity
T T T T T T T T T T T

251

20+

151

10+

S0k

sk

20k

251

(PREDFEA) - FEA (PMA1G22) 1JUNE 2006  4-SEP-06 23:46:02
T T T T T T T T T

251

20+

15+

10+

ETN

151

20+

251

I
-25

. . | | T | | | | .
. . T T . .
20 -5 -10 5 0 5 10 15 20 25 0.6 oy 02 0 0.2 0.4 0.6

I I I I I 1 1 I I I I

RMS= 0.27112 P-V= 1.2172 Wawe= 632.8 NM Scale= Fringes/ -2.0000 _ - - e -25 -20 -15 -10 -5 0 5 10 15 20 25
RMS= 0.28536 P-V= 1.3085 Wave= 632.8 NM Scale= Fringes/ 1.0000 .

Semi-aperture=  28.5430 IN grid size= 511 contourinc= 0.1000  04-Sep-2006 20:2¢ Semi-aperture=  0.7250 M grid size= 511 contourinc= 0.1000 OAQ-Sep-ZOOG 20:2¢ RMS= 0.02116 P-V= 0.1498 Wave= 632.8 NM Scale= Fringes/ -2.0000

Test — Fabricated Surface

Semi-aperture=  28.5430 IN grid size= 511 contourinc= 0.1000 04-Sep-2006 20:28:12

_FEA Model_ Difference = Model Error
RMS= 0.271 RMS= 0.285, PV=1.31 RMS= 0.021

Interferometric Test — Fabricated Surface Error = Tested 1g

FEA Model from ANSYS analysis is predicted 1g effect

Difference is modeling error

Contour increment 0.1 A, A =633 NM * PMA coordinate system

P
9 i, K@!gr This presentation has been reviewed by NASA and determined not to

contain technical data as defined by the ITAR Section 120.10. 13
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Up Looking Model Error

FRED 5.10.09 PC,08-06 KEPLER Primary Diff = UP Predict gravity
(PREDFEA) - FEA (PMA1G22) 1 JUNE 2006  4-SEP-06 23:46:02

« RMS=0.021 A

« PV=0.15A
 Plotincrement= 0.02 A
e A=633NM

e RMS Error is 7.4%
* Largest error

= Bond pad support
points

« Model improvement
= Higher density mesh

1 1 1 1 1 1 | | | | 1
-25 -20 -15 -10 -5 0 5 10 15 20 25
RMS= 0.02116 P-V= 0.1498 Wawe= 632.8 NM Scale= Fringes/ -2.0000
Semi-aperture= 28.5430 IN grid size= 511 contourinc= 0.0200  04-Sep-2006 20:28:12

ﬁ ’ This presentation has been reviewed by NASA and determined not to
e Kepler s presena deved by . y

contain technical data as defined by the ITAR Section 120.10.



communications

Brashear

OCLI Products

p 74
CORNING 4 JDS Uniphase 2 l Ball Aerospace

Horizontal Test compared with FEA

FRED 5.10.09 PC,08-06 KEPLER Primary Obsened Gravity Sag = Diff
(PMA Horiz) - Fabricated (UPDNTOT) 1 JUNE 2006 5-SEP-06 0:37:30
T T T T T T T T T T

251

20+

15+

10+

S0k

BN

20

251

I
-25

I I I L I I I L I I
20 -15  -10 -5 0 5 10 15 20 25

RMS=1.04726 P-V= 3.9555 Wave= 632.8 NM Scale= Fringes/ -2.0000

Semi-aperture=  28.5430 IN grid size= 511 contourinc= 0.2500 04-Sep-2006 20:2¢

Test — Fabricated Surface

R

RMS= 1.047

FRED 5.10.09 PC,08-06 KEPLER Primary Diff = Horiz Predict gravity
FRED 5.10.04 PC,04-06 Kepler Primary Mirror FEA PMA in 1g (PREDFEAH) - FEA (PMA1G22)
web17u6hgravLC1 2 June 2006 7-JUN-06 16:44:33

1JUNE 2006  5-SEP-06 0:42:16
T T T T T

I I I I | N | I I I I

L -25 -20 -15 -10 -5 0 5 10 15 20 25

0.6 RMS= 0.03288 P-V= 0.1743 Wawe= 632.8 NM Scale= Fringes/ -2.0000
RMS= 1.05213 P-V= 4.0296 Wawe= 632.8 NM Scale= Fringes/ 1.0000 Semi-aperture=  28.5430 IN grid size= 511 contourinc= 0.2500  04-Sep-2006 20:28:12

Semi-aperture=  0.7250 M grid size= 511 contourinc= 0.2500 04-Sep-2006 20:2¢

L L L L L
-0.6 -0.4 -0.2 0 0.2 0.4

FEA Model Difference = Model Error
RMS= 1.052 RMS=0.033

e Interferometric Test — Fabricated Surface Error = Tested 1g
« FEA Model from ANSYS analysis is predicted 1g effect
* Difference is modeling error

Contour increment 0.25 A

Kepler

* PMA coordinate system

This presentation has been reviewed by NASA and determined not to
contain technical data as defined by the ITAR Section 120.10. 15
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Horizontal Test Model Error

FRED 5.10.09 PC,08-06 KEPLER Primary Diff = Horiz Predict gravity
(PREDFEAH) - FEA (PMA1G22) 1 JUNE 2006  5-SEP-06 0:42:16

« RMS=0.033 A

* PV=0.17 A 0.1
* Plot increment= 0.05 A
 A=633NM
0.05
* RMSErroris 3.1%
* Model improvement I
= Bond pad support
points
= Higher density mesh L oo
 Test improvement
= Astigmatism from
horizontal testing in air 01
= Reduce thermal
gradient - better
mixing of air 0.15

1 1 1 1
-25 -20 -15 -10 -5 0 5 10 15 20 25
RMS= 0.03288 P-V= 0.1743 Wawe= 632.8 NM Scale= Fringes/ -2.0000
Semi-aperture= 28.5430 IN grid size= 511 contourinc= 0.0500  04-Sep-2006 20:28:12

contain technical data as defined by the ITAR Section 120.10.
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Air Bladder Testing

Air Bladder

Test Tower

Interferometer on top

©
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Air Bladder Testing

FRED 5.10.09 PC,08-06 KEPLER Primary Obsened Gravty Sag = Diff

FRED 5.10.09 PC,08-06 KEPLER Primary Total Air Bladder Test (nothing FRED 5.10.09 PC,08-06 KEPLER Primary Fabrication error rotated to (air bladder) - Fabricated (UPDNTOT) 1 JUNE 2006  5-SEP-06 5:05:04
T T T T T T T T T T T

removed) masked to CA 18,19 JAN 2006 ~ 5-SEP-06 5:04:43
T T T T T T T T T

air bladder 30 August 2006 5-SEP-06 2:33:30
T T T T T T T
251 251 0.1
201 20l
0.05
151 151
10- 10 o
51 sk
ol ol 4-0.05
5t sl
4-0.1
\
101 10l
A5+ sk -0.15
20} 20l
-0.2
251 o5l
L L L L L L L L L L L v v - ’ . . . y - v .
I I I I | I | I I I I : : E E E
25 20 15 10 s o s 10 15 20 2 T R s T T 25 20 -15 -10 5 0 5 10 15 20 25

RMS= 0.03192 P-V= 0.1554 Wawe= 632.8 NM Scale= Fringes/ -2.0000

RMS= 003440 P-v= 02252 Wawe= 632.8 NM Scale= Fringes/ -2.0000 RMS= 0.05847 P-v=0.2832 Wawe= 632.8 NM Scale= Fringes/ 1.0000 Semi-aperture=  28.5430 IN grid size= 511 contourinc= 0.0200  04-Sep-2006 20:28:12

Semi-aperture=  28.5430 IN grid size= 511 contourinc= 0.0200  04-Sep-2006 20:2¢  Semi-aperture= 28.5430 IN grid size= 511 contourinc= 0.0200  04-Sep-2006 20:2¢

Air Bladder Test Fabricated Surface Difference is
RMS= 0.034 RMS= 0.058 Predicted Gravity
RMS=0.032

 PM coordinate system = PMA rotated CCW 42.1 degrees
 Fabricated Surface from PMA UP and Down Average
* Plot increment= 0.02 A

P
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Air Bladder Compared to FEA

FRED 5.10.09 PC,08-06 KEPLER Primary Observed Gravity Sag = Diff
(air bladder) - Fabricated (UPDNTOT) 1 JUNE 2006  5-SEP-06 5:05:04
T T T T T T T T T T T

0.6

0.4

0.2+

021

0.4f

0.6

FRED 5.10.00 PC,10-05 Kepler Primary Mirror FEA on Air Bladder
web17‘emp1LCl 15 Dec 2005  11-JAN-06 15:44:56

o

a

°
°

°0°0
000040

o000 000 0.
0 0,0

°

‘5o 0o o0, o’

‘0. 0"0
o 0OQ OO0 DO o,

‘0o 0O OO0 OO0

I I I I I I | I I I I
-25 -20 -15 -10 -5 0 5 10 15 20 25
RMS= 0.03192 P-V= 0.1554 Wawe= 632.8 NM Scale= Fringes/ -2.0000
28.5430 IN grid size= 511 contourinc= 0.0200 04-Sep-2006 20:2¢

Predicted Gravity
RMS= 0.032

Semi-aperture=  0.7250 M  grid size= 511 contour inc=

1 I " 1 1
-0.4 -0.2 0 0.2 0.4 0.6

0.00898 P-V= 0.0540 Wawe= 632.8 NM Scale= Fringes/ 1.0000
0.0200 04-Sep-2006 20:28

L
-0.6
RMS=

FEA Model
RMS= 0.0090

* Model Error RMS=0.028 A
* Total Model Error is 311%
* Plot increment= 0.02 A

* Model is adequate for fabrication Specification of 0.075 A

This presentation has been reviewed by NASA and determined not to

251
20+
151

10+

ETN
sk
20k

250

Semi-aperture=

contain technical data as defined by the ITAR Section 120.10.

FRED 5.10.09 PC,08-06 KEPLER Primary Diff = Air Bladder Predict
gravity (PREDFEAA) - FEA (AirB20) 1 JUNE 2006  5-SEP-06 5:05:29
T T T T T T T T T T T

I I I I I I 1 I I I I
-25 -20 -15 -10 -5 0 5 10 15 20 25
RMS= 0.02764 P-V= 0.1283 Wawe= 632.8 NM Scale= Fringes/ -2.0000

Difference is Model Error
RMS= 0.028

28.5430 IN grid size= 511 contour inc= 0.0200 04-Sep-2006 20:28:12

19
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Air Bladder Model Error Interpretation

FRED 5.10.09 PC,08-06 KEPLER Primary Diff = Air Bladder Predict SYM, FRED 5.10.09 PC,08-06 KEPLER Primary Diff = Air Bladder

gravity (PREDFEAA) - FEA (AirB20) 1 JUNE 2006  5-SEP-06 5:05:29 Predict gravity (PREDFEAA) - FEA (AirB20) 1 JUNE 2006  5-SEP-06 5:05:29 ASY, FRED 5.10.09 PC,08-06 KEPLER Primary _Diff = Air Bladder
!

Predict gravity (PREDFEAA) - FEA (AirB20) 1 JUNE 2006  5-SEP-06 5:05:29

T T T T T T T T T T
— T T T T T T T T T T T
251 2l 25| L
01
20+ 20- 200
15k 15 15l 0.05
10F 101 100
Ho
5 51§ 5|
o, O, o} —-0.05
sl 5 sl
“ 10+ 0.1
a0k - 10}
15 a5k
151 -0.15
20} 20 20l
25| 0.2
25+ 25 251
. . L . | . | . . . . ! ! ! : . . . ' ! v ; | . | | | i . | | |
25 20 15 10 -5 0 5 10 15 20 25 25 20 45 0 5 0 5 10 15 20 25 25 =20 45 10 5 0 5 10 15 20 25
RMS= 0.02764 P= 0.1283 Wave= 6328 NM Scale= Fringes/ -2.0000 RMS= 0.02561 Pv= 00844 Wawe= 632.8NM Scale= Fringes/ -2.0000 RMS= 0.01039 P-V= 00792 Wawe= 632.8NM Scale= Fringes/ -2.0000
Semi-aperture=  28.5430 IN arid size= 511 contourinc= 0.0200  04-Sep-2006 20:28: Semi-aperture=  28.5430 IN grid size= 511 contourinc= 0.0200  04-Sep-2006 20:28;

Semi-aperture=  28.5430 IN grid size= 511 contourinc= 0.0200 04-Sep-2006 20:28:12

Model Error Symmetrical Error Asymmetrical Error
RMS= 0.028 RMS= 0.026 RMS= 0.010

* Symmetrical error * Asymmetrical error
=  OD edge problem due to bladder = Residual bond pad from vertical testing

wrapping up side = Interferometry noise from large P-V and
= Bladder does not fit curved PM back vibration

= RMS expected noise level

\‘E » K@!gr This presentation has been reviewed by NASA and determined not to

contain technical data as defined by the ITAR Section 120.10. 20
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Counterweighted Zero-G Mount

 Test during PMA assembly

= Assure PMA is assembled
with NO residual forces in
PM from struts

= Use PM coordinate system

* In process modification to mount
improved results, but no FEA
model

e Three Tests
= PM on Zero-G Mount

= PM with bonded pads on
Zero-G Mount

= Assembled PMA with Zero-G
Mount

P
5 K ] This presentation has been reviewed by NASA and determined not to
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PM Test on Counterweighted Zero-G Mount

FRED 5.10.09 PC,08-06 KEPLER Primary Total Air Bladder Test (nothing FRED 5.10.09 PC,08-06 KEPLER Primary CA Zero g MOUNT aw of 8: FRED 5.10.09 PC,08-06 KEPLER Primary Diff = (Zero g MOUNT) - (Air
removed) masked to CA 18,19 JAN 2006 ~ 5-SEP-06 5:04:43 AVGTOT = (Qawgtot + Ravtot)/2 ~ 5-SEP-06 4:40:16
T T T T T T T T T T T T T T T T T T
251 251
0.1
20 20
15} 15} 0.05
10 10}
-0
5| sl
I or +-0.05
3 3
\ \ --0.1
101 100
-15- -15- 0.15
-20 -20
-0.2
-25- =251

I I I I | I 1 I I I I I I I I I I 1 I I ! I I . . . = L . . .
-25 -20 -15 -10 -5 0 5 10 15 20 25 -25 -20 -15 -10 -5 0 5 10 15 20 25 -25 -20 -15 -10 -5 0 5 10 15 20 25
RMS= 0.03440 P-V= 0.2252 Wawe= 632.8 NM Scale= Fringes/ -2.0000 RMS= 0.05298 P-V= 0.3053 Wawe= 632.8 NM Scale= Fringes/ -2.0000 RMS= 0.02648 P-V= 0.1620 Wawe= 632.8 NM Scale= Fringes/ -2.0000
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Air Bladder Test PM on Zero-G Difference
RMS=0.034 RMS= 0.053 RMS= 0.026

 PM coordinate system

e PM tested on Zero-G mount should be the same as the Air
bladder test

e Plotincrement 0.02 A

ﬁ ’ This presentation has been reviewed by NASA and determined not to
e Kepler s preserta ewed by . 2

contain technical data as defined by the ITAR Section 120.10.
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Zero-G Mount Difference Interpretation

SYM, FRED 5.10.09 PC,08-06 KEPLER Primary Diff = (Zero g MOUNT) -

FRED 5.10.09 PC,08-06 KEPLER Primary Diff = (Zero g MOUNT) - (Air (Air Bladder test) = QRTOT - 19JAN 7-SEP-06 21:34:20
T T T T T T

Bladder test) = QRTOT - 19JAN 7-SEP-06 21:34:20
T T T T T
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Total Difference
RMS= 0.026
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ASY, FRED 5.10.09 PC,08-06 KEPLER Primary Diff = (Zero g MOUNT) -
(Air Bladder test) = QRTOT - 19JAN  7-SEP-06 21:34:20
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Symmetrical Difference
RMS= 0.022
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Asymmetrical Difference
RMS=0.015

 Symmetrical error is similar to Air bladder residual
* Asymmetrical is mostly Zero-G mount error
= Assembly and implementation of counterweights
* Non uniform mass distribution in fabricated PM

\% Kepler

This presentation has been reviewed by NASA and determined not to
contain technical data as defined by the ITAR Section 120.10.
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Assembly of PMA - PM with Bonded Pads

FRED 5.10.09 PC,08-06 KEPLER Primary CA Zero g MOUNT Bonded pads awy
of 2QR: (QRA + QRB)2 19 May 2006  5-SEP-06 6:04:42
T T T T T T T T

FRED 5.10.09 PC,08-06 KEPLER Primary CA Zero g MOUNT aw of 8:
AVGTOT = (Qawgtot + Ravtot)/2 ~ 5-SEP-06 4:40:16
T T T T T T T

CORNING 4 JDS Uniphase
OCLI Products

/4 Ball Aerospace

-

FRED 5.10.09 PC,08-06 KEPLER Primary CA Zero g MOUNT bonded pads
(BONTOTCA) - PM on ZeroG (QRTOTCA) 19 May 2006 5-SEP-06 6:05:00
T T T T T T T T T T T
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PM with bonded pads
RMS= 0.052
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PM on ZeroG
RMS= 0.053
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Difference
RMS= 0.021

* No evidence of bonded pad adhesive cure print through
*  Plot increment 0.02 A

« Difference is all asymmetrical - third harmonic

= After bonding pads had to rotate PM by 60 degrees

* Conflict between ZeroG mount and Bonded pads

* Mount error is %2 or RMS =0.010 2 * PM coordinate system

@Kep!é’r

This presentation has been reviewed by NASA and determined not to
contain technical data as defined by the ITAR Section 120.10.
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Assembly of PMA struts on Zero-G Mount

FRED 5.10.09 PC,08-06 KEPLER Primary CA Zero g MOUNT Bonded pads awy

FRED 5.10.09 PC,08-06 KEPLER Primary Bonded/ZeroG Aw. of 2 of 2QR: (QRA + QRB)2 19 May 2006  5-SEP-06 6:04:42
T T T T T T T T T

rotations Clear Aperture 31 May 2006  30-AUG-06 11:02:16
T T T T T T T T

:
: :
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5

FRED 5.10.09 PC,08-06 KEPLER Primary CA PMA on Zero g MOUNT (BZGCA)
- PM with pads(BONDTOTCA) 19 May 2006  5-SEP-06 6:54:34
T T T T T T T T T
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PMA on ZeroG PM with bonded pads Difference
RMS= 0.051 RMS= 0.052 RMS= 0.010

* Difference shows NO evidence of residual forces from assembly of PMA
« RMS error is expected noise level in data
* Plot increment 0.02 A * PM coordinate system

@ i, K@!er This presentation has been reviewed by NASA and determined not to 25

contain technical data as defined by the ITAR Section 120.10.
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Conclusions

* Design and analysis of PM and Test tooling was challenging but
analysis and testing demonstrated to be adequate for our
specification

 Excellent agreement of FEA analysis of PMA with interferometric
test results

" Vertical PMA testing error is 7.4%
= Horizontal PMA testing error is 3.1%

* Air Bladder Modeling errors and implementation errors adequate
for fabrication

= RMS error 0.028 A

= Better implementation of air bladder at OD of mirror will
significantly improve this symmetrical error

« PMA was assembled correctly
" Testing noise < 0.010 A RMS

* Counterweighted Zero-G Mount testing showed surface figure
repeatable did not change during assembly as desired

\‘E » K@!gr This presentation has been reviewed by NASA and determined not to

contain technical data as defined by the ITAR Section 120.10. 26



